
Entry	
  Trajectory	
  Reconstruc0on	
  Using	
  
Phoenix	
  Radio	
  Link:	
  

	
  	
  

Deducing	
  Mar-an	
  Wind	
  Veloci-es	
  
	
  	
  

Ö.	
  Karatekin1	
  	
  &	
  	
  S.	
  W.	
  Asmar2	
  
	
  	
  

1Royal	
  Observatory	
  of	
  Belgium	
  
2Jet	
  Propulsion	
  Laboratory,	
  California	
  Ins>tute	
  of	
  Technology	
  

	
  
	
  
	
  

IPPW-­‐8	
  
Portsmouth,	
  Virginia	
  

6-­‐10	
  June	
  2011	
  



Overview	
  

•  The	
  Phoenix	
  Mars	
  Lander	
  entered	
  Mar>an	
  atmosphere	
  on	
  25	
  May	
  2008	
  
•  All	
  ensuing	
  communica>ons	
  during	
  EDL	
  path	
  were	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

via	
  an	
  UHF	
  uplink	
  to	
  a	
  Mars	
  orbi>ng	
  spacecraP	
  

•  Odyssey	
  orbiter	
  relayed	
  the	
  Phoenix	
  data	
  to	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
DSN	
  at	
  Goldstone	
  

•  Direct	
  UHF	
  was	
  received	
  from	
  the	
  Green	
  Bank	
  Telescope	
  
•  The	
  objec>ve	
  of	
  this	
  ac>vity	
  was	
  to	
  monitor	
  the	
  state	
  of	
  the	
  lander	
  

during	
  cri>cal	
  stages	
  of	
  the	
  EDL	
  
•  The	
  data	
  can	
  now	
  be	
  explored	
  for	
  u>lity	
  to	
  reconstruct	
  the	
  entry	
  

trajectory	
  provided	
  that	
  the	
  received	
  UHF	
  signal	
  is	
  not	
  too	
  noisy	
  
•  The	
  recorded	
  signal	
  profile	
  from	
  Phoenix	
  EDL	
  can	
  be	
  processed	
  to	
  

quan>fy	
  the	
  accuracy	
  of	
  the	
  reconstructed	
  trajectory	
  and	
  the	
  
atmospheric	
  profiles	
  (density,	
  pressure,	
  and	
  temperature)	
  determined	
  
along	
  this	
  trajectory	
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Figure 2-25  Phoenix entry configuration. 

 

 
Figure 2-26 Phoenix landed configuration. 



•  The Phoenix mission was the first mission in NASA’s Scout Program. 

•  Phoenix launched on a Delta II 7925 rocket from Cape Canaveral on 4 August 2007 
•  After a 10-month journey from Earth to Mars, Phoenix performed the first soft landing 

on Mars since the two Viking probes landed on Mars in 1976. 
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Figure 1-4  “Exploded” view of the Delta II 7925 launch vehicle with Phoenix spacecraft. 

 

Phoenix	
  Overview	
  



Phoenix successfully landed on the northern plains of Mars on 25 May 2008 (Vastitas 
Borealis region at 68.219 deg North Latitude and 234.248 deg East Longitude). 
  

Landing	
  Site	
  



The	
  Entry,	
  Descent,	
  and	
  Landing	
  (EDL)	
  

•  EDL phase had many critical events occurring over a short period of time, including 
cruise stage separation, entry into the Martian atmosphere, parachute deployment, 
lander separation, and terminal descent 

•  X-band telecom subsystem jettisoned with the cruise stage upon separation, with all 
subsequent EDL (and surface) communications through the UHF subsystem 



•  NASA levied a requirement on to provide communications 
coverage during all critical events sufficient to diagnose 
faults and/or failures, should they occur  

•  EDL architecture relied on establishing primary data links 
to relay spacecraft orbiting Mars 
•  UHF relay link selected over direct-to-Earth X-band 

•  Radio Science & Phoenix project decided to eavesdrop 
from Earth on the UHF relay link from lander to orbiters 
•  Green Bank Telescope (GBT) only capable facility c 
•  Largest steerable radio telescope (100 m diameter) 
•  Entire EDL was observable 
•  Radio Science Receiver borrowed from DSN 

•  Recorded “open-loop” data proved to be rich with 
information on critical events, trajectory & other dynamics 

•  RSR used a-priori prediction file of the Doppler profile 
•  Residual frequency, the difference between the expected 

and actual Doppler profiles, sweeps a smaller frequency 
range and allows for easier determination of signal presence 

EDL	
  Communica0ons	
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3.2 EDL Operations 
The Green Bank observatory was used to receive the UHF as a direct to Earth (DTE) 
transmission during EDL (Figure 3-3).   

The Robert C. Byrd Green Bank 
Telescope (GBT) is the world's largest 
fully steerable radio telescope [33
The GBT is described as a 100-m 
telescope, but the actual dimensions of 
the surface are 100 by 110 m. [

].  

34

Unlike conventional telescopes, which 
have a series of supports in the middle 
of the surface, the aperture is unblocked 
so that incoming radiation meets the 
surface directly. This increases the 
useful area of the telescope and 
eliminates reflection and diffraction 
that ordinarily complicate a telescope's 
pattern of response. To accommodate 
this, an off-axis feed arm cradles the 
dish, projecting upward at one edge, 
and the telescope surface is 

asymmetrical. 

]. The 
overall structure of the GBT is a wheel-
and-track design that allows the 
telescope to view the entire sky above 5 
deg elevation. The track, 64 m (210 ft) 
in diameter, is level to within a few 
thousandths of an inch in order to 
provide precise pointing of the 
structure.  

In the Phoenix EDL link design, the GBT’s gain to noise temperature (G/T) was 
estimated as 32.5 dB based on a system noise temperature of 70 K.  After circuit losses, 
the received total power (Pt) was -164 dBm at entry minus 120 s, just when the 
unmodulated carrier (called “CW” for continuous carrier) switched to 8 kbps (Figure 
2-10).  This link budget was confirmed by tests performed at Green Bank in December 
2007, using the UHF from the Opportunity rover (MER-B).  The test confirmed a carrier-
to-noise ratio within 2 dB of prediction [35

 Initial CW and modulated carrier phases would be easily detectable at Green 
Bank from CSS to about Entry + 180 s (~E+180), when Earth passes close to the 
Phoenix antenna null  

].  Based on this link evaluation: 

 Probable plasma blackout period (~ E + 80 to 120 s).  
 Just before parachute deployment, Green Bank would pick up the signal again. 



Top-­‐Level	
  EDL	
  Communica0ons	
  Data	
  Flow	
  



DTE	
  RSR	
  Residual	
  Frequency	
  



DTE	
  RSR	
  Doppler	
  



Detectable	
  Wind	
  

•  APer	
  parachute	
  deploy,	
  period	
  of	
  fall	
  in	
  lower	
  
atmosphere	
  

•  Accurate	
  Doppler	
  reconstruc>on	
  and	
  trajectory	
  
dynamics	
  removed	
  

•  Near	
  linear	
  driP	
  of	
  spacecraP	
  oscillator,	
  fiYed	
  out	
  
•  Remaining	
  signal	
  contains	
  fluctua>ons	
  consistent	
  

with	
  effect	
  of	
  wind	
  
•  Doppler	
  signals	
  between	
  20	
  and	
  100	
  Hz	
  detectable	
  
•  Imply	
  line	
  of	
  sight	
  velocity	
  of	
  	
  order	
  30	
  m/s	
  
•  Very	
  consistent	
  with	
  models	
  in	
  LMD	
  climate	
  

database	
  
	
  

Graphics Asmar, Huygens DWE 



Winds	
  from	
  LMD	
  Climate	
  Data	
  Base	
  	
  



Low	
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Poten0al	
  for	
  Improved	
  Reconstruc0on	
  

•  Phoenix	
  descent	
  profile	
  Doppler	
  observa>on	
  can	
  poten>ally	
  contribute	
  to	
  
wind	
  speed	
  measurements,	
  data	
  that	
  are	
  lacking	
  from	
  current	
  input	
  to	
  GCM	
  

•  Preliminary	
  processing	
  of	
  Direct-­‐to-­‐Earth	
  UHF	
  data	
  captured	
  at	
  GBT	
  provide	
  
line-­‐of-­‐sight	
  direc>on	
  (one	
  vector)	
  

•  Processing	
  relay	
  Doppler	
  to	
  MRO,	
  ODY,	
  and	
  MEX	
  can	
  lead	
  to	
  useful	
  3-­‐D	
  
reconstruc>on	
  

•  If	
  validated,	
  can	
  prove	
  
to	
  be	
  useful	
  science	
  by-­‐
product	
  from	
  EDL	
  
“tracking”	
  

•  Galileo	
  and	
  Huygens	
  
Doppler	
  Wind	
  
Experiments	
  worked	
  but	
  
were	
  designed	
  with	
  
beYer	
  oscillators	
  

 


